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INTRODUCTION
PARP-1 is a ubiquitous nuclear protein widely known for its catalytic activity that uniquely modifies target proteins. It catalyzes the transfer of ADP-ribose units from its substrate β-NAD + covalently to several nuclear acceptor proteins including itself. Initial studies implicated this enzyme in many crucial biological functions including DNA repair, replication, recombination, apoptosis, and cancer [reviewed in 1]. Evidence began to emerge from the later studies that it also had a profound role in transcription. PARP-1 was identified among the constituents of positive cofactor-1 complex [2] . Positive cofactor-1 complex is essential for the activity of transcription factors such as NFκB, SP1, and Oct-1. Gene expression studies using microarray technology indicated that expression of more than ninety genes was affected by PARP-1 [3] . The role of PARP-1 in transcription is well established in recent years with several independent studies revealing its potent effect on the activators AP-2, p53, NFκB, HTLV-Tax, B-Myb, and TEF-1/Max [4] [5] [6] [7] [8] [9] [10] but the mechanism is not clear [reviewed in 1, 11, 12] .
Transcription factor AP-2α regulates an array of genes involved in diverse cellular 
P-labeled poly(ADP-ribose) polymer synthesis and blot overlay assay
Blot overlay assay was performed with synthesized 32 P-labeled PAR polymers to study the noncovalent binding by adapting the procedures described by Pleschke et al. [17] and Griesenbeck et al. [18] . Briefly, 5 µg of PARP-1 was automodified in 25 Labeled PARP-1 protein was purified by passing through a Sephadex G50 column. The protein was destroyed by treating with 50 µg/ml of proteinase K for 1 hr at 37ºC. PAR moieties were recovered by phenol/chloroform extraction and ethanol precipitation and verified by polyacrylamide gel electrophoresis (PAGE). AP-2α and histone H1 proteins (Trevigen, Inc.) were separated on a 10% SDS/PAGE and blotted onto PVDF membrane. 
GST-AP-α binding assays
The GST-AP-2α binding assay was performed to identify the PARP-1 regions that specifically interacted with AP-2α. AP-2α and PARP-1 deletion proteins were in vitro synthesized using TNT Quick Coupled Transcription/Translation System and 35 Smethionine. The template DNAs were removed by treating with 10 units of DNAse I for 15 min at 37°C. Recombinant GST-AP-2α protein was purified as described earlier [19] .
25µg of GST-AP-2α was attached to glutathione-Sepharose beads and mixed with in vitro synthesized proteins. After rocking for 2h at 4°C, the mixture was washed four times in TBST. GST-AP-2α protein and its associated proteins were eluted from beads by adding 30 µl of 5mM reduced glutathione in 50mM Tris.HCl (pH 8.0). The eluted proteins were resolved on a 10% SDS/PAGE, amplified using Amplify reagent (Amersham Biosciences Corp.), dried and autoradiographed.
Western Blotting
Transiently transfected cells were harvested and resuspended in phosphate-buffered saline, pH 7.4, (PBS) containing 1.5% Triton X-100, 2 mM phenylmethylsulfonyl fluoride (PMSF), 0.5 mM EDTA, and a cocktail of protease inhibitors (Roche Diagnositics), lysed by three cycles of freezing and thawing and rocking for 30 min at immunoprecipitated complexes, see below) were separated on a 14 or 18% SDS-PAGE, transferred to a PVDF membrane, probed with specific antibody (Ab) as needed and the signals were detected using anti-rabbit or anti-mouse IgG conjugated with horseradish peroxidase and ECL.
Immunoprecipitation
Cells were scraped off from culture dishes and washed with PBS and lysed in 1 ml NP-40 lysis buffer (50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 1 mM PMSF, and 10µg/ml aprotinin) containing 1% NP-40. Equal amount of protein samples (500 µg) was precleared using 2µl of rabbit IgG and 30 µl of 50% protein A-Sepharose. 1 to 5µl of specific antibody, i. e., rabbit polyclonal antibody against AP-2α (F87, laboratory made), PARP-1 or c-erbB-2/neu (Santa Cruz Biologicals, Inc.) was attached to the same amount of protein A-Sepharose, mixed with the precleared protein sample and rocked o/n at 4ºC.
The beads were then washed four times with NP-40 lysis buffer, separated on a 14% SDS-PAGE, transferred to a PVDF membrane, probed with specific monoclonal antibody as needed and the signals were detected using anti-mouse IgG conjugated with horseradish peroxidase and ECL. AP-2α, and the EMSA was carried out as described previously [13] . For supershift analysis, 1 µl of F87 AP-2α-Ab was added and incubated on ice for 10 min. To test the effect of poly(ADP-ribosyl)ated AP-2α, in vitro poly(ADP-ribosyl)ation of the same amount of AP-2α was carried out as described above and added to the reaction. Samples were separated on a 4% polyacrylamide gel, dried and autoradiographed.
Transient transfection and CAT assay
Transient transfection of PARP-1 expression plasmids and 3XAP-2hmtCAT using NovaFactor reagent (VennNova, LLC) into cells grown on 100-mm dishes, normalization of the transfections using β-galactosidase expression plasmid pCH110, and the CAT assays were carried out as previously described [16] . Acetylated forms of chloramphenicol were quantitated by digitally analyzing the radioactive spots using 
RESULTS

AP-2α is a substrate for the PARP-1 enzyme
We showed previously that PARP-1 was a coactivator for the human AP-2α-mediated transcriptional activation [6] . To gain further insight into the mechanism we tested whether AP-2α was poly(ADP-ribosyl)ated by PAPR-1. Recombinant AP-2α was purified from bacteria and examined in in vitro poly(ADP ribosyl)ation assay using recombinant PARP-1 enzyme and [ Figure 1A shows that the positive control PARP-1 is autopoly(ADP-ribosyl)ated, which is reduced by 3-AB, an inhibitor of the enzyme [1] . AP-2α was also strongly poly(ADP-ribosyl)ated in these in vitro assays. We then examined whether cellular AP-2α undergoes this modification. AP-2α was immunoprecipitated from the breast cancer cell line MDA-MB-453 that has abundant AP-2α, western blotted and probed with a PAR moietyspecific antibody. It showed that cellular AP-2α was indeed poly(AD-ribosyl)ated ( Figure 1B ).
In the same cell line, an exogenously expressed Myc-tagged AP-2α was also similarly modified.
Treatment of these cells with 3-AB significantly reduced the poly(ADP-ribosyl)ation of both AP-2α and myc-tagged AP-2α while the expression of these proteins was unaffected. Control IP experiments using rabbit and mouse IgG molecule did not show poly(ADP-ribosyl)ated AP-2α proteins (not shown). Two positive controls-in vitro poly (ADP-ribosyl)ated E. coli proteins and PARP-1-were recognized by the PAR-Ab but not the negative control membrane protein cerbB-2 indicating the specificity of this antibody. These experiments reveal that AP-2α is a substrate for the PARP-1 enzyme and that AP-2α is covalently modified by PARP-1.
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In addition to covalent modification, free PAR moieties have been shown to noncovalently bind with histones and a family of myristoylated alanine-rich C kinase substrate proteins, and significantly affect their biological functions [17, 20, 21] . Transcription factor p53 is covalently modified by PARP-1 [22] . Chains of PAR units also noncovalently bind with p53 and the efficiency is comparable with that of their binding with histone H1 [23] . To examine whether oligomeric PAR moieties interact with AP-2α noncovalently, we prepared with AP-2α also could be detected with this probe. These results indicate that in addition to covalent modification of PARP-1, highly branched chains of PAR units also noncovalently bind with AP-2α albeit at significantly reduced efficiency. Nonetheless, AP-2α is predominantly poly(ADP-ribosyl)ated by covalent linkage because when in vitro poly(ADP-ribosyl)ated AP-2α protein from the above studies was purified and then subjected to proteinase K proteolysis it yielded chains of PAR units similar to the studies in Figure 1C (not shown).
Poly(ADP-ribosyl)ation of AP-2α affects its activity
To understand the role of this posttranslational modification on AP-2α transcription we examined the effect on AP-2α DNA-binding. Recombinant AP-2α was purified and allowed to bind with AP-2-target sequence (Figure 2 ). An AP-2α-Ab supershifted the complex indicating the specificity of the shift. Interestingly, when AP-2α protein was in 
AP-2 activity is impaired in PARP-1 -/-mouse embryo fibroblasts
Human and murine AP-2α proteins are more than 98% similar [24] . To examine the 
PARP-1 makes multiple contacts with AP-2α
Our previous studies showed that full-length PARP-1 and AP-2α proteins obtained from various sources-mammalian cells, clonal bacteria, and synthesized in vitro-physically interacted with each other in GST-AP-2α-binding assays and CoIP studies [6] . We made several deletions of the human PARP-1 cDNA to identify its region that interacts with AP-2α and thereby to obtain clues how it might regulate. The structure of PARP-1 has been studied in significant detail [11] ( Figure 4A ). The three known regions-DBD, automodification/BRCT region, and the catalytic domain-were recovered separately on some of these truncated molecules, i. e., PARP-1/1-372, PARP-1/372-479, and PARP-1/522-1014 respectively. These deletion molecules were in vitro synthesized ( Figure 4B ) and their ability to bind to AP-2α was tested in a GST-AP-2α-binding assay ( Figure 4C endogenous AP-2α [13] . Nevertheless, the AP-2 activity is low in these cells because of squelching [13, 25] . Using reporter gene assays we showed earlier that PARP-1 potentiated AP-2α transcriptional activity in these cells [6] . When we examined the To further investigate the need for the NLS, we made a new construct PARP-1/1-656 containing the middle region and the NLS. This deletion molecule, which is transported completely into the nucleus, interacted with AP-2α ( Figure 4D , E) and robustly enhanced its transcription ( Figure 5B ).
Inhibition of the enzymatic activity of PARP-1 elevates AP-2α transcription
The results indicate that PARP-1 has dual-regulatory role; the middle region augments poly(ADP-ribose) units also noncovalently but weakly bind with AP-2α. This is similar to the transcription factor p53 which has been shown to be both covalently and noncovalently linked with chains of poly(ADP-ribose) [22, 23] . In both events, poly(ADP-ribosyl)ation of these transcription factors is a consequence of the functioning of PARP-1 enzyme because it is the strongest poly(ADP-ribosyl)ating enzyme known thus far [1, 11] . 
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The role of PARP-1 in transcription has been confirmed recently by profuse reports that demonstrated its effect on various transcriptional events [11] . Nonetheless, the mechanism by which PARP-1 affects transcription lacks clarity. The ambiguity is evident in the case of NFκB-mediated transcription. One study demonstrates that poly(ADP-ribosyl)ation prevents the DNA binding of NFκB and reduces its transcriptional activation [27] , another study suggests that the catalytic activity of PARP-1 is needed for NFκB-mediated transcription because reduced enzyme activity correlates with reduced transcription of iNOS gene promoter, a target of NFκB [8] ; and yet another study shows the middle region is the one that enhances NFκB transcription and argues that the enzymatic activity plays no role because a mutant of PARP-1 defective in the catalytic activity still promotes NFκB transcription [28] . A group attributes a general repressive effect for this enzyme for all RNA polymerase IIdependent transcriptions [29] , while others show evidence that PARP-1 is needed for the transcriptions mediated by p53 and NFκB because these transcriptions are affected in PARP-1 -/-cells [9, 10] . Analyzing these reports, one can perceive that these studies have characterized and interpreted only one of the two effects.
A recent report shows that poly(ADP-ribosyl)ation activity is increased in Drosophila puff regions and that PARP-1 is needed to produce normal sized puffs [30] , an indication that the enzymatic activity promotes transcription. Histones are poly(ADP-ribosyl)ated which causes loosening of chromatin due to the high negative charge and produce puffs. Poly(ADP-ribosyl)ation is a temporary posttranslational modification which is promptly removed by another enzyme poly(ADP-ribose) glycohydrolase [31] . The halflife of the modification is less than a min [32] . Since the catalytic activity of PARP-1 is stimulated during stress conditions by the presence of breaks in the DNA, this modification may be used to transiently shut-off AP-2α and possibly other transcriptions.
PARP-1 has been well studied from the perspective of its enzymatic activity. Despite, the role of the catalytic activity on many target functions remains controversial. Our results indicate that PARP-1 has more than its enzymatic activity and warrants a new look at this molecule as a multi-faceted protein rather than as one with a single catalytic function with multiple effects. Li et al. Fig. 1 A.
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